Energy consumption for most sectors in Cyprus is not well monitored and therefore their impact on greenhouse gases emissions has never been estimated. Thus, the aim of this study was to estimate the energy consumption in livestock breeding activities in Cyprus, and estimate the respective emissions of greenhouse gases. The energy consumption considered is related to all direct energy uses on a farm except transport. All data available from national sources have been taken into account and the consumption of energy per animal was estimated to be 401 k Wh/cow, 624 k Wh/sow and 0.618 kWh/chicken. The direct energy consumption in livestock breeding was estimated to be 53 G Wh for 2008. The greenhouse gas emissions from this were estimated to be 15.6 kt CO 2 equivalent of which 91% is CO 2 . The contribution of livestock breeding to the total agricultural energy consumption has been found to be 10-15%. Comparing the energy consumption per animal to other countries in a sample for which data was available, the consumption for Cyprus has been found for all animal species to be lower, mainly due to the warmer climatic conditions.
Introduction
Sustainability, energy and climate change during the recent years are increasingly gaining political attention. The European Union has already set legally regulated targets on c limate and energy in June 2009 [1] and has just recently agreed to the new sustainability and financial strategy of the Union, the EU2020 [2] which also includes climate and energy targets. Currently, there are several legal obligations in the European Union at country level and installation level that require baseline data on s ectoral energy consumption to be available. Decision 406/2009/EC [3] is among those obligations that requires Member States of the European Union to reduce greenhouse gases emissions from sectors not included in the European emissions trading system, i.e. waste, agriculture, transport, energy use in household and services and agriculture. Cyprus is facing a large deficiency in statistics for several sectors, among which the energy sector. One source of greenhouse gases emissions for which a target has been set by Decision 406/2009/EC [3] is energy use by livestock breeding.
The uses of energy in a farm can be classified into direct and indirect [4] . Direct energy use is associated with the consumption of energy (fuels and electricity) in a farm. Indirect energy use is the energy consumed for the production and transport of materials used in a farm (e.g. feed and machinery). 70% of total energy use on dairy cattle and pig farms is for indirect uses [5] .
Traditionally, animal farming in Cyprus was characterized by small; family ran units, spread throughout the island, but the increasing demand in meat and other products, the production of genetic material and the automation introduced in the production, have caused an increase in animal farming, which have caused certain areas of the island to have high animal density. A typical animal farm in Cyprus, as in the rest of the world, consists of one or more buildings distinguished in three types: animal breeding areas, support buildings and waste treatment and storage areas. In most areas in Cyprus, electricity is supplied by the central network of the solely electricity provider, the Electricity Authority of Cyprus (EAC). Electricity in Cyprus is produced predominately by heavy fuel oil (HFO), with only a small amount produced by diesel [6] . It is expected that by 2014, na tural gas will also be available for use. The most commonly used fuel in farms in Cyprus is diesel, which is mainly used for heating of the housing areas. During the last years the consumption of Liquid Petroleum Gas (LPG) for heating is rapidly increasing.
Not much data is readily available on energy consumption for livestock breeding in Cyprus. This paper brings together all the available data for stationary uses of energy for cattle, pig and poultry farming in Cyprus. Based on this data, the total energy consumption is estimated for the total population of the three animal species in Cyprus for [2005] [2006] [2007] [2008] . For 2008 t he greenhouse gases emissions are also estimated and compared to other sources of emissions. Finally, results for both energy consumption and greenhouse gases emissions are compared to international literature.
Methodology
The main stages of the methodology applied are presented in Figure 1 : (a) estimation of total energy consumption, (b) estimation of energy consumption according to source of energy and (c) estimation of the greenhouse gases emissions. 
Estimation of direct energy use from livestock breeding of Cyprus
The main sources of available data in Cyprus is limited to environmental impact assessment reports for animal farms submitted to the Department of Environment according to the Cyprus Law No. 140(I)/2005 on the assessment of environmental impacts from works [7] and annual reports submitted by installations that are above the benchmarks of the Integrated Pollution Prevention (IPPC) Directive [8] . Table 1 s ummarises the weighted energy consumption per animal in Cyprus as these were reported by the sources presented above; i.e. total amount of energy divided by total number of animals. Using the average annual energy consumption per animal in Cyprus of 401 kWh/cow, 624 kWh/sow and 0.618 kWh/chicken and using the animal population for 2005 -2008, the total energy consumption for animal breeding of cattle, pigs and chicken in Cyprus for the same period was estimated by multiplying the animal population by the per animal consumption ( Table 2) . The animal population data used was according to the latest published annual animal population census of the Department of Agriculture [12] . The results of Table 2 were also based on the following assumptions: (a) Layer chicken and broiler chicken have the same, average energy consumption because not sufficient data was available for the population of each type. 
Estimation of greenhouse gas emissions from direct energy use in livestock breeding of Cyprus
The distribution of energy consumption according to source (Table 3) was estimated using the average energy breakdown according to the IPPC annual reports for pig and chicken farming [9] . Using the emission factors of the greenhouse gases and the fuel densities proposed as default by the IPCC 2006 guidelines [13] , the CO 2 emission factors from electricity production based on the weighted average specific emissions of the electricity producing units of Cyprus [6] , and the global warming potentials proposed by the 1996 IPCC guidelines [14] , the emissions of a specific greenhouse gas by an animal species (GHG animal ) were estimated by equation 1 in t CO 2 equiv.
GHG animal = (EF GHG ) fuel x EC fuel x GWP GHG (1) where (EF GHG ) fuel = emission factor for a s pecific gas for a s pecific energy source (or fuel), t/TJ and GWP GHG = is the global warming potential of a specific gas. The energy consumption of a specific energy source (or fuel), in (EC fuel ) was estimated by Eq.2:
EC fuel = (% fuel ) animal x EC animal (2) where (% fuel ) animal = percent contribution of a s pecific energy source (or fuel) to the total energy (or fuel) consumption of an animal species, % and EC animal is the total energy (or fuel) consumption of an animal species, TJ. All the data used is presented in Table 4 . = emission factor, ** LPG = liquid petroleum gas, *** GWP = global warming potential
Results and Discussion
Data collected from the available studies and reports in Cyprus, have shown that energy consumption per animal varies considerably among farms. The available data has a very large range for all animal species, i.e. 178 -908 kWh/cow, 64 -1742 kWh/sow, 0.292 -0.760 kWh/chicken. Nevertheless, the average of the results are reasonable when compared to other countries and the total contribution of the sector to energy consumption by agriculture.
Contribution of livestock breeding to agricultural energy uses
Comparing the results obtained for livestock breeding energy consumption (Table 2) to the total energy consumption by agriculture [15] , the contribution of direct energy use in livestock breeding to the total energy consumption by agriculture has been found to This has caused the cultivations to require more artificial irrigation since natural precipitation was very limited. Consequently, the energy demand for the irrigation systems was larger. Additionally, the number of small desalination plants installed for agricultural use in coastal areas where saline intrusion takes place has been increasing during the last few years. This has been again caused by the reduction in precipitation and the need for farmers to use their already exhausted water extracting boreholes.
Comparison of direct energy consumption in livestock breeding in Cyprus to other
countries Cattle in most farms throughout the world are field-grazing most of the time of the year. When the cows are collected indoors due to weather conditions, the housing areas are closed. Therefore energy for ventilation and lighting is needed. In the case of Cyprus cattle is kept in the open but restricted areas instead of fields. With no lighting and ventilation used, energy per animal is considerably less. The comparison is presented in Fig. 2(a) .
(a) (b)
Fig. 2. Annual energy consumption for various countries compared to energy consumption in Cyprus (a) per dairy cow found and (b) per sow for farrow to finish.
Figure 2(b) presents the Nova Scotia [18] , U.K. [19] and Sweden [16] consumption per sow compared to Cyprus. Cyprus has the smallest consumption among the four areas. This is due to the reason that in pig farming most of the energy demands is for heating. Therefore, in Cyprus, where heating days are significantly less than Nova Scotia [18] , U.K. [19] and Sweden [16] , the energy demand is also significantly less compared to the same countries. The energy consumption estimated for chicken farming (Fig. 3) appears not very dissimilar to other countries. Most of the energy consumption is expected to be during summer for ventilation purposes as in Italy [20] . The per-chicken consumption of Denmark [21] , Brazil [22] and Canada [17] is smaller than Cyprus. A probable reason for this is that Denmark has well-developed technologies and therefore higher efficiency in energy consumption than Cyprus. For Brazil and Canada the smaller energy consumption could be due to differences in the methods of breeding.
Greenhouse gas emissions from energy consumption in livestock breeding
The total GHG emissions from energy consumption in livestock breeding have been estimated to be 15.26 kt CO 2 e for 2008 of which 91% is CO 2 . For the same year other agricultural greenhouse gas emissions according to the Greenhouse Gas Inventory of the country were 348 kt CO 2 e [24] . The emissions according to gas and energy sources are presented in Table  5 . The larger emissions are CO 2 emissions from diesel consumption in cattle and pig farming, which correspond to 21% and 29% of the total emissions respectively. Energy related emissions contribute approximately 3% to the total for cattle, 2% for pigs and 1.4% for poultry. Comparing the results to emissions from total agricultural use of energy, energy use in livestock breeding contributes 4% to the total agricultural emissions and 13% to the total agricultural energy emissions. This result is supported by the estimations of "Compassion in world farming" [23] where energy contributes 2% to the total livestock emissions. 
Conclusions
In Cyprus, the annual consumption per animal was estimated to be 401 kWh/cow, 624 kWh/sow and 0.618 kW h/chicken. The estimates were based on available data for Cyprus. According to these figure, the direct energy consumption in livestock breeding of cattle, pigs and poultry is estimated at 53 G Wh for 2008, which corresponds to 10-15% of the total agricultural energy consumption. Comparing the energy consumption per animal to other countries in the sample used in the study it was found that energy consumption per animal for Cyprus was, on average, lower. E nergy consumption for cows was much lower than the countries for which data was available (Canada, Nova Scotia, U.K., Sweden) mainly because the majority of energy consumption in these countries is for heating which is not needed in Cyprus due to the relatively warm weather conditions. For chicken farming, the results are comparable to Italy, since a large portion of the country has similar climatic conditions to Cyprus (hot and dry).
Using the emission factor of each greenhouse gas according to fuel type proposed by the IPCC 2006 g uidelines [13] and for electricity as proposed by national specific data by the Electricity Authority of Cyprus [6] , the greenhouse gas emissions for each animal species and energy source were estimated. Comparing these to emissions from total agricultural use of energy, the results show that the emissions from energy use in livestock breeding contribute approximately 4% to the total agricultural emissions and 13% to the total agricultural energy emissions.
These results can be used by relevant Cyprus authorities for the assessment of the impact of measures for the reduction of energy consumption and greenhouse gases emissions.
